Genotype-independent transformation of peach (Prunus persica (L.) Batsch) is difficult to achieve, primarily due to its high recalcitrance to produce adventitious shoots or somatic embryos in vitro. In spite of sporadic reports of adventitious shoot organogenesis or somatic embryogenesis from peach tissue cultures, there is no universal method for peach regeneration that can be reliably used for peach transformation. In order to determine the relative efficacy of regenerative competence in peach, one to three mm long immature zygotic embryos excised from 25 peach and nectarine genotypes were cultured on Raj Bhansali et al. ( 
INTRODUCTION
Routine regeneration of adventitious plants from in vitro cultured explants is an essential step in producing transgenic plants. However, Prunus species, and peach in particular, are difficult to regenerate from in vitro-cultured explants (Srinivasan et al., 2005; Druart, 1999; Srinivasan and Scorza, 1999) . Although induction of somatic embryogenesis was reported for several Prunus species, conversion of somatic embryos into plants is far from routine. Raj Bhansali et al. (1990) induced somatic embryos from 1-3 mm long immature zygotic embryos of peach and nectarine cultivars and genotypes. Later, DeMarch et al. (1993) and Garin et al. (1997) induced somatic embryos from 2.5 to 5 mm long immature zygotic embryos of sweet cherry (Prunus avium). However, conversion of both peach and cherry somatic embryos into whole plants was sporadic. Adventitious shoot organogenesis was reported in peaches (Mante et al., 1989; Gentile et al., 2002; Guohua and Yu, 2002) , plums (Mante et al., 1991) , cherries (Tang et al., 2002; Song and Sink. 2005; Matt and Jehle, 2005) and almond (Miguel Ct al., 1996; Ainsley et al., 2000) . Adventitious shoots were routinely induced from hypocotyl sections of plum which is currently used in our laboratory for plum transformation (Padilla et al., 2003) As genotypic response is the critical factor in plant regeneration from cultured explants we cultured 1-3 mm long zygotic embryos excised from 25 peach and nectarine genotypes on Raj Bhansali et al. (1990) medium to induce somatic embryos. Also, we examined the possibility of regenerating adventitious shoots from 5-7 mm long cotyledons excised from immature zygotic embryos of two peach genotypes. The results are reported here.
MATERIALS AND METHODS
Immature peach fruits containing 1-3 mm long zygotic embryos were harvested from 25 peach and nectarine genotypes. Fruits were surface-sterilized in 95% ethanol under a laminar flow hood, and longitudinally cut with ethanol-dipped stone cutters to extract immature seeds. Zygotic embryos were extracted from seeds and cultured on aearbased tissue culture media. To induce somatic embryos, 1-3 mm long zygotic embryos were wounded with a sterile scalpel and incubated on MS basal medium containing 22.5 tM 2,4-D, 9 MM BA, 9 pM kinetin, 500 mg/L each of /nyo n hydrolysate. inositol, casei and glutamine, and solidified with 6.5 g/L Bacto agar. After 10 days of incubation in the dark, cultures were exposed to continuous light (light intensity 55 p mOl m 2 s) for 20 days. Zygotic embryos were then transferred to the above medium without any growth regulators but supplemented with 3 g/L activated charcoal and cultured under continuous light (light intensity 55 tmol m s 5 . Somatic embryos were observed after 2-4 transfers at 3 week intervals (Raj Bhansali et al., 1990) . The data on percent zygotic embryos producing somatic embryos were analysed statistically using ANOVA, and mean separation was analyzed using Duncan's Multiple Range Test (SAS/STAT, 1991) at 5% level of significance.
To compare the relative efficacy of various synthetic auxins on somatic embryo induction in peach, we cultured 1000 zygotic embryos (1-3mm long) of 'Encore' on MS basal medium supplemented with 25, 50, 75, 100 or 125 tM each of 2,4-D or piclorani or dicamba or ce ntrophenoxine Basal medium contained similar levels of BA, kinetin, casein hydrolysate, glutamine, and Bacto agar as above. For adventitious shoot organogenesis, immature cotyledons excised from 5-7 mm long zygotic embryos were wounded with a sterile scalpel, and these were cultured in the dark for one week on callus induction medium containing MS basal medium + 5 iM 2,4-D + 0.5 mM BA (Guohua and Yu, 2002) . To induce adventitious shoot r egeneration, cotyledon explants were transferred to MS + 12.5 M TDZ + 0.4 M, and incubated under light conditions (light intensity 55 tmol n1 s). To promote shoot elongation and d evelopment, organogenjc explants were transferred to MS + 4.5 iM BA.
RESULTS AND DISCUSSION

Somatic Embryogenesis
Somatic embryos were produced from zygotic embryo cultures of 23 genotypes of peach and nectarine (Table I) . A pproximately 27% of 5145 embryos cultured formed somatic embryos. In general, younger zygotic embryos were more amenable for producing somatic embryos. Thirty seven percent of 1-mm long zygotic embryos produced somatic embryos, whereas only 27% of 2 mm and 16% of 3 mm long zygotic embryos produced somatic embryos. About 34% of the <1 mm long zygotic embryos produced somatic embryos, whereas for zygotic embryos >3 mm in length, few if any somatic embryos were obtained (data not presented). It appears that the size of immature zygotic embryos (<3 mm) is a critical factor for somatic embryo induction in peach and nectarine (see reviews by Druart, 1999; Srinivasan et al., 2005) whereas in sweet cherry large zygotic embryos (5 mm) also produced somatic embryos (Garin et al., 1997) . Low concentrations (25 PM) of 2.4-D and cent rophenoxine induced somatic embryos from a large numbers of zygotic embryos, whereas higher concentrations of dicamba (75 pM) and picloram (50 1.tM) were required to induce higher levels of somatic embryogenesiS (Table 2 ). Among the auxins 2,4-D has been shown to be the most efficient in inducing somatic embryos from zygotic embryos in peach (Raj Bhansali et al., 1990; Druart, 1999) . In our studies it is one of the most efficient being effective in relatively low concentrations . Somatic embryos were mostly produced in clusters. Secondary somatic embryos proliferated via budding from the hypocotyl region. All attempts to germinate these somatic embryos using various media and physical treatments failed to convert them into plantlets. Earlier reports also confirmed that conversion of peach somatic embryos into plantlets is difficult to achieve regardless of media composition or microenvironmen t (Scorza et al., 1990; Druart, 1999) .
Adventitious Shoot OrganogefleSis
Immature cotyledons (5-7 mm long) of 'Bounty' and 'Bailey' cultured on callus induction medium followed by transfer onto shoot regeneration medium produced green knob-like shoot primordia within 3-4 weeks of exposure to light (Fig. 1) . Upon transfer to a shoot development medium, a few of these shoot primordia developed into shoots (Fig.  2) . Adventitious shoots first appeared near the proximal end (near embryo axis) of the cotyledons and slowly spread to the middle. Distal end of cotyledons were generally less competent to regenerate shoots. This observation confirmed the earlier reports that adventitious shoot regeneration mostly restricted to the proximal end of cotyledons (see the reviews by Druart, 1999; Srinivasan et al., 2005) . This protocol of adventitious shoot organogenesiS from young cotyledons is now used in combination with transformation protocols to regenerate transgenic peach plants. Since only few shoot primordia (green knobs) develop into normal shoots, further work is in progress to increase shoot regeneration from the cotyledons and normalization of shoot development. Regeneration of adventitious shoots from cultured explants of peach appears to be genotype dependent (Druate, 1999; Srinivasan et al., 2005) . Among the Prunus species, almond, plum, and cherry have produced higher percentages of adventitious shoot from cotyledons, leaves and hypocotyls slices as compared to peach (Ainsley et al., 2000; Mante et al., 1989) . 
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